The blasting in the adjacent quarry would cause the existing tunnel structure damage and strength weakening. But the degree of damage to the tunnel structure and the stress redistribution state caused by adjacent blasting need to be accurately quantified and evaluated. In order to find out the actual situation of the disease and judge the current stability of the tunnel, and comprehensively evaluate the influence of the mining activities on the safety of the tunnel structure, the influence of adjacent quarry blasting excavation on the stress and displacement of tunnel structure was analyzed through static and dynamic numerical analysis.
INTRODUCTION
The frequent vibration caused by continuous blasting would destroy the adjacent existing tunnel structure at some extent [1] . It is necessary to carry out tunnel investigation and detection for the tunnel adjacent the blasting point, and to analyze the influence of adjacent quarry mining blasting on the stress and displacement of the tunnel structure [2] . The evaluation of the blasting vibration intensity in mining blasting would contribute to put forward reinforcement countermeasures for the structure of the existing tunnel.
The following blasting scheme were adopted by the blasting company. The blasting holes are straight. 1 to 3 holes were punched each time. The diameter of the every hole is 50 mm and the spacing of the hole is about 10m. The depth of the hole is 20 m with the kittle method charge, each hole charge about 500 kilograms, blasting once every six months.
Because the quarries existed before the construction of tunnels, the impact of quarry blasting on the tunnel can not be avoided. This phenomenon is very rare both at home and abroad. The cracks appeared in the waist of the tunnel during construction, as shown in figure 1 .
Based on the actual engineering background that the mining of the quarries were gradually close to the midline of the tunnel, the adverse effects of tunnel lining structure due to the mining were analyzed through ANSYS/LS-DYNA software [3] [4] .
ENGINEERING BACKGROUND
The tunnel mainly is located in quaternary aeolian sand layers, diluvial macadam soil, slope rock soil, sandy loess and the sandstone. The surrounding rock of the tunnel belongs to grade III, accounted for 80%, IV and V grade, accounted for 20%, by the Code for design on tunnel of railway.
The quarry is irregular, as shown in figure 2 and figure 3. The blasting mining area covers an area of about 5000 m2, the minimum vertical distance from blasting point to tunnel is 197 meters. 
INFLUENCE OF QUARRY BLASTING ON ADJACENT TUNNEL
The explicit dynamic analysis of the influence of quarry blasting excavation on the tunnel lining is carried out by using ANSYS/LS -DYNA software. Studying the influence of blasting wave on the tensile stress and compressive stress of the lining during the blasting excavation in the surrounding rock, then compared with the tensile strength t f =1.27 MPa and compressive strength c f =11.9 MPa.
Finite Element Model
The specific model is shown in figure 4 and the parameters of surrounding rock and lining are shown in table 1 [5] [6] . The density of explosive is 1200 kg/m3, the detonation speed is 6000 m/s and the explosion pressure is 30000 MPa [7] . The boundary conditions of the model are horizontal constraints and vertical constraints at the bottom. The calculation time of the model is 0.0825 s and the horizontal stress of lining and surrounding rock is shown in figure 5 . 
Stress of Tunnel Lining
The monitoring points of tunnel deformation are shown in figure 6 . The point A corresponds to vault, B and C correspond to spandrel, D and E correspond to arch waist, and F and G correspond to arch foot. The maximum and minimum principal stress are shown in figure 7, figure 8 and table 2. The maximum tensile stress, 2.27 MPa, occurred at vault for the quarry blasting. It is greater than the tensile strength of lining, which is C25 concrete, 1 MPa. The maximum compressive stress, 4.67 MPa, occurred at vault. It is greater than the compressive stress of lining, 7.23 MPa. 
Displacement of Tunnel Lining
Lining displacement is shown in figure 9 , it shows that the magnitude of principal stress of lining was obviously influenced at the blasting side, while the back blasting side lining was less influenced. Obvious displacements occurred at the blasting side lining. The inward displacements increase gradually from arch foot to the arch waist, but decreases gradually from arch to vault.
Comparing the measured and calculated displacement in table 3, the calculated results are in good agreement with the field measurement. It shows that the numerical simulation results are reliable. 
CONCLUSIONS
(1) The maximum tensile stress, 2.27 MPa, occurred at vault for the quarry blasting. It is greater than the tensile strength of lining, which is C25 concrete, 1
MPa. The maximum compressive stress, 4.67MPa, occurred at vault. It is greater than the compressive stress of lining, 7.23 MPa.
(2) The cracks from arch foot to the vault of blasting side are caused by the blasting in the quarry.
(3) The overall bearing capacity of lining is obviously decreased in the long term blasting process, especially after cracks appeared in the lining. To ensure the safety and reliability of the tunnel operation, it is necessary to stop the blasting in the later stage of the quarry.
